The introns of Drosophila pre-mRNAs have been analysed for conserved " internal sequence elements near the 3' intron boundary similar to the
INTRODUCTION
The well-known conserved sequences important for splicing of pre-mRHA introns are the 5' splice site with the consensus .X-A-GTG-T-^-A-G-T and the 3 splice site, a pyrimidine-rich region followed by-=-A-GT, where
arrows indicate the two splice points (1, 2) . An additional conserved sequence < was discovered in 1983 by Langford and Gallwita (3) and Pikielny et^ al. (4) in an internal position in yeast introns. This sequence, required for splicing in yeast, is an invariant T-A-C-T-A-A-C located in all yeast introns Just upstream from the 3' splice site (5) . We call this type of conserved internal 3' sequence a 3' splice signal (6) . Closely related sequences were noted by Woudt et_ a^. (7) and Kinnaird and Fincham (8) 
in introns of
Neurospora, and are present in the introns of other filamentous fungi (9) (10) (11) .
These sequences are probably the counterpart of the yeast TACTAAC, though in rmany cases Gs replace the first 2 As.
(13) that mammalian introns are spliced in vitro by a mechanism in which the 5' terminal G of the intron first forms a branch with an A upstream from the 3' splice site resulting in a lariat structure. The intron is then spliced -* out in the form of a lariat. The sequence around the branch point in several G C globin introns has the consensus C-T-J-A-M (12) which is identical to the A last 5 nucleotides of the conserved 3 sequence in filamentous fungi. In vivo experiments on globin intron splicing confirm the lariat intermediate < (14) . In vitro studies on splicing of an adenovirus intron have indicated a branch at the A in the sequence C-T-T-A-T (15) . The recent finding that the essential 3' splice signal T-A-C-T-A-A-C of yeast is a branch point sequence in a lariat intermediate (16, 17) suggests that all eukaryotes employ the > lariat mechanism for intron splicing.
We have found that potential 3' splice signals like those above are present near the 3' boundary of introns from a wide variety of animals (6).
We have proposed that selection of a true 3' intron boundary depends on two t* distinct kinds of recognition. One kind is sequence-specific recognition of , C the two conserved elements, the 3' splice signal and the 3 terminal -wAGl.
The other is a different kind of recognition of the pyrimidine-rich region of * variable sequence which lies between the two sequence-specific elements. We noted that the sequence of rat small nuclear U2-RHA is complementary to both of the sequence-specific elements of rat introna, and we therefore proposed that U2-ribonucleoprotein (U2-RNP) may be required for recognition of a 3' * intron boundary. J.
This paper identifies potential 3' splice signals in Drosophlla introns
and proposes a role for Drosophila U2-RHP in splicing.
RESULTS ABD DISCUSSION ,_.
Selection £f Potential V_ Splice Signals in Drosophilia Introns.
In Table 1 we present the 3' sequences from 39 introns in Drosophlla genes. Fifty nucleotides are given in each case. Two sets of criteria were û sed in selecting potential 3' splice signals in these introns. The first > prescribes the sequences allowed and the second the distance from the 3' splice point.
With regard to allowed sequences, we started with the last 5 nucleotides of the conserved Heurospora consensus C-T-j-A-C (8). We assumed that the Â at position 4 is invariant, as this would be the splicing branch point (see Table 2 for the numbering system). We have also considered as invariant the T introns, and we can find one just upstream from this locus in 5 introns. In 3 of these latter cases there is an alternative weaker signal lying within the I*, optimum locus which could be the preferred signal if distance is the critical i factor in determining splicing efficiency in Drosophila.
In cases where alternative signals can be seen, branch point analysis will be needed to determine which signal is actually employed in splicing.
Of the 39 introns shown in Table 1 , 24 have signals which match the CAT consensus -T-g-A-jr and are located from 15 to 40 bases upstream of the 3' splice point. We estimate the probability of this occurring in random DMA to be one in 3-1 x 10 . In 10 additional cases, signals can be found that 4.
differ from this consensus in only one position.
Organization of the V_ splice site of Drosophila introns.
A 3' splice site has generally been taken to be -n-A-Gt preceded by a pyrimidine rich region, Y^H, free of A-Gs (1, 2, 34) . From inspection of the Drosophila introns in Table 1 , it can be seen that in quite a number of cases the 3' splice site is not pyrimidine-rich. We note, however, that in 36 of the introns, A-G is absent from positions -3 to -19 (numbering upstream from the splice point). We have overlined all A-Gs, except the 3' terminal A-G, in order to emphasize that the region upstream from -19 shows the expected random 
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with A-G being absent from the Y^ region (2, 34) . But sequences agreeing with this consensus are seen to occur frequently in the interior of introns, and in some cases these false sites agree more closely with this consensus than the true 3' splice site does (38) . Recognition of the true 3' boundary must therefore depend upon additional criteria. We are proposing two important additional criteria: first, the presence of a 3' splice signal at an appropriate distance from the 3' splice point, and second, the absence of an A-G between -3 and -19.
Using the new criteria, we searched for potential 3' intron boundaries in a number of long introna and found that in many cases these new criteria were sufficient to eliminate the false boundaries. However, in a few cases, a potential 3' boundary fulfilling the new criteria could still be found within the intron. The signals in these false boundaries may prove to be weaker than the signals in the true boundaries.
The Possible Role j>f U2-RHP ±n_ Intron Splicing _ln Prosophlla.
In 1980 Lerner et al. (39) noted that a sequence exactly complementary to the consensus of the 5' intron boundary is present in the small nuclear U1-RHA. It is now established that the ribonucleoprotein particle containing U1-RHA (U1-RNP) is required for intron splicing in vertebrate systems (40, 41) .
Since present evidence supports a common lariat mechanism for intron splicing, it is probable that a U1-RNP or an analogue of it functions in splicing in all eukaryotee.
We previously noted that there is a similar complementarity between sequences in the small nuclear U2-RHA and the two conserved parts of the 3' P intron boundary: the 3' splice signal and the terminal -^j-A-G. We therefore proposed that the U2-RHP recognizes the 3' intron boundary just as the U1 -RHP recognizes the 5' boundary (6). We first noted this complementarity (6) We now propose to extend this model to splicing in Droaophila. The Drosophlla U2-RNA sequence (Fig. 1, ref. 46, 47) is identical to the rat U2-RHA sequence in the pertinent region, and the consensus structure of the 3' splice signal is nearly the same in the two organisms (Table 2) . (46) with a typical U-HHA cap added, and the 5' half is from sequencing of the U2-RHA gene (47) . Hairpins II, III, and IV are from references 46 and 48-The region around A-U-U-U-U-U-G which is protected by protein binding in human U2-BHP (49, 50) is overlined. The calculated stability (51) of hairpin I is AG --8.4 kcal, nuch greater than the stability, *G --2.8 kcal, of the alternative hairpin in two published models for U2-EHA (42, 50) . In the hunan complex of U2-RHP with hnHITP, the region coinciding with the 5' terminus and hairpin I is protected by protein binding (52) . The nuclease cleavage sites of Eeddy et al. (42) It is of interest that Sri-Vidada at al. (53) found that U2-EKA in the 02-RNP-hnRHP complex has a very exposed single-stranded region that is *> susceptible to light treatment with pancreatic RHase. The exposed region A could be the portion of the long single-stranded sequence which precedes the proposed binding sites.
It is significant that the sequences of the U2-HMAs of rat (42) , mouse ' (54), human (55, 56) , Xenopus, (57) Drosophila (46, 47) and wheat (58) are _» invariant in the critical complementary region. This invariance is consistent with the idea that the sequence has an essential function as a single stranded region. In contrast, the folded regions of U2-EHAs of these organisms often \ show compensatory sequence changes which allow retention of the folded , structures of the loops.
Our analysis of the Drosophlla U2-EHA contributes further support for our splicing model in which U2-RBP recognizes the 3' boundary of an intron.
•• According to this model U1-BHP would be bound to the 5' boundary and U2-RMP to the 3' boundary and then the two would Join to form a large stable complex within which splicing would occur. In such a stable complex the splicing intermediates could be securely held until the various steps of the lariat V splicing nechanism are completed.
